A new ursane-type triterpene acid, named azarolic acid (1), along with four known phenolic compounds and four known triterpene acids, was isolated from the crude EtOAc extract of the leaves of Crataegus azarolus var. aronia L. The structure of 1 was determined from 1D and 2D NMR spectroscopic data. Euscaphic acid showed high anti-vasoconstriction effects on aortic rings, supporting the use of this medicinal plant in cardiovascular disease.
The Kurdistan region of Iraq has a rich flora [1] and many plants, like Crataegus azarolus L., have been used in folk medicine for a long time; however, most of them have not been investigated so far from a phytochemical point of view, and their therapeutic effects have not been confirmed by scientific evidence.
The genus Crataegus (hawthorn), family Rosaceae, includes more than 200 species [2] , mostly native to temperate regions of the Northern Hemisphere in Europe, East and Central Asia, and North America. In folk medicine, since ancient times, hawthorn leaves, flowers and fruits have been used as coronary vasodilator and cardiotonic remedies, to improve the coronary blood flow and cardiac contraction in moderate heart failure, and as hypotensive agents [3] [4] . The positive effects of Crataegus on the cardiovascular system have recently received considerable scientific attention in phytotherapy [5] [6] . Having rarely been associated with serious adverse events, hawthorn has been included in several Western Pharmacopoeias [7] , and it has been used extensively for stage II-IV heart failure type patients [7] . In addition, pharmacological experiments on animals and in vitro models have proved many other medicinal properties of Crataegus species [7] .
Previous studies of C. azarolus have mainly been focused on phenol and polyphenol contents, in particular on flavonoid identification by HPLC [2b-3,-8]. Instead, other large classes of bioactive natural products, such as terpenes, have almost been ignored. We report the isolation and identification of the main phenols and triterpenes from an EtOAc extract of leaves of C. azarolus var. aronia, as well as the potent relaxant effects of euscaphic acid on aorta.
After chlorophyll removal from the extract by filtration through an SPE cartridge, repetitive separations by reversed-phase and silica gel liquid column chromatography afforded (-)-epicatechin [9] , 4"'-O-acetylvitexin-2"-O-rhamnoside [10], vitexin-2"-O-rhamnoside [10a] , vitexin, and the triterpenoids euscaphic acid [11] , 2,19-dihydroxy-3-oxo-urs-12-en-28-oic acid [12] , 2-oxopomolic acid [13] , and arjunic acid [14] , together with a new ursane triterpene acid named azarolic acid (1) . The known compounds were identified from 2D NMR data and by comparison with literature data.
Azarolic acid (1) was obtained as a colorless amorphous powder. Its IR spectrum showed hydroxyl (3480 cm Moreover, HMBC correlations ( Figure 2a ) between H 3 -23 and H 3 -24 with C-4 (41.6), C-5 (52.5), and the hemiacetalic carbon at  99.7, and the correlations between H a -25 at 3.75 with C-10 ( 38.1) and the hemiacetalic carbon indicated the last one to be at C-3 and connected to C-10 through an oxymethylene ether bridge. The secondary hydroxyl group was positioned on C-2 due to the 1 H-1 H COSY correlations of H-2 ( 3.85) with H  -1 at  1.15 with a 3 J = 3.7 Hz and H  -1 at  2.62 with a 3 J = 10.5 Hz, and HMBC correlations between H  -1 and C-5 (52.5) and between H-2 and C-4 (41.6). The splitting pattern for the hydroxy methine proton H-2 (3.85, dd, J = 10.5, 3.7 Hz) showed that the hydroxyl group was trans to the epoxy bridge [18] . The stereochemistry of this hydroxyl group together with those of the epoxy bridge and H 3 -29 were further confirmed by the NOESY spectrum, showing correlations between H-2 and H a -25, H b -25 and H 3 -26, OH-19 and H 3 -30, and between H-18 and H 3 -29 (Figure 2b) . Therefore, the structure of azarolic acid (1) was determined to be 3,25-epoxy-2,3,19-trihydroxyurs-12-en-28-oic acid (Figure 1) . A detailed search in the literature revealed that 1 is a new triterpene acid. On the other hand, to our knowledge, euscaphic acid, arjunic acid, 2,19-dihydroxy-3-oxo-urs-12-en-28-oic acid, and 2-oxopomolic acid have been isolated for the first time from a Crataegus plant.
Various flavones and C-glycoside flavones, including vitexin, showed antiarrhytmic and antiischaemic activities [19] . Moreover, vitexin-2"-O-rhamnoside exerted a positive inotropic effect and an increase in coronary blood flow [20] . On the other hand, our recent experiments showed that euscaphic acid exerted high anticontraction effects on norepinephrin induced contraction in aortic smooth muscle cells in endothelium-intact, endothelium-denuded, and aortic rings pre-incubated with potassium and calcium channel blockers, a prostaglandin PGI 2 inhibitor (indomethacin) and a cyclic guanosine monophosphate (cGMP) inhibitor (methylene blue) [21] . These effects were possibly mediated through opening of K Ca channels and blocking of voltage-dependent calcium channels [21] . The enhanced production of the endothelium-derived relaxing factors cGMP and PGI 2 was also observed. These potent effects support the traditional use of C. azarolus var. aronia for treating cardiovascular diseases.
Experimental
General: For most general experimental techniques and procedures see reference [22] . 1 (n°007619) has been deposited at the Herbarium of the Department of Biology, University of Salahaddin. The leaves were air-dried in the shade at room temperature for 20-25 days, and then ground, using an electrical mill. The powder (1 kg) was defatted and partially freed of chlorophyll by soaking in hexanes for 5 days with occasional shaking and renovating the solvent 4 times. The biomass was then macerated in EtOAc at room temperature for 3 days, with occasional stirring, replacing the solution with fresh solvent every 12 h. Evaporation of the combined extracts in vacuo at 25-30°C gave a dark-brown residue (17.78 g), which was stored at -20°C. Chlorophyll was completely removed by filtration of the residue, which was divided into batches of 1 g each, dissolved in MeOH-H 2 O, 90:10, and passed through a SPE column, fitted with RP-18 phase (100 g). Elution was with 300 mL of MeOH-H 2 O, 90:10, and then with 200 mL of Me 2 CO before the next separation. A total of 2.51 g of chlorophyll-free extract was recovered. One g of this sample was separated (column A) by MPLC on a RP-18 column (100 g), eluted with a MeOH-H 2 O gradient, from 20:80 to 100:0 in 110.3 min; flow rate: 30 mL/min; volume of each collected fraction: 8 mL. After TLC analysis, original fractions were collected in 36 main fractions (A1-A36). Separations of fractions A3 (34 mg) and A4 (56 mg) were made on 2 different RP-18 columns, eluted with MeOH-H 2 O, 3:7 and 1:2.5, respectively, giving crude catechins (22 mg). Their separation on a silica gel column (3 g), eluted with hexanes-Me 2 CO, 1:1, afforded (-)-epicatechin (10 mg) [11] . Vitexin [19] , 4"'-O-acetylvitexin-2"-Orhamnoside [10], and vitexin-2"-O-rhamnoside [10a] were isolated from fractions A8-A12 by repetitive separation on RP-18 columns and TLC layers, using different mixtures of MeOH-H 2 O as eluents. Separation of combined fractions A13-18 (156 mg) on a RP-18 column (16 g, column B), eluted with MeCN-EtOAc-0.1% aqueous AcOH, 40: 6: 70, gave sub-fractions B1-B9. Separation (column C) of B6+B7 (34 mg) on silica gel (3.5 g) delivered 8 mg of azarolic acid (1) upon elution with hexanes-EtOAc, 2:3. Separation of combined fractions A19-A20 (101 mg) over a silica gel column (15 g, column D) gave, by elution with DCM-MeOH, 98:2, sub-fraction D163-177, which was combined with fractions A21-24. This mixture (156 mg) was then separated on a silica gel column (30 g, column E). Elution with DCM-MeOH, 98:2, afforded 2, 19-dihydroxy-3-oxo-urs-12-en-28-oic acid (10 mg) [12] , followed by euscaphic acid (36 mg) [11] . Separation of sub-fraction E22-37 (25 mg) on a column of silica gel (4 g, column F) gave, by elution with toluene-EtOAc, 4:1, 2-oxopomolic acid (2 mg) [13] . Separation of sub-fraction E177-185 (85 mg) on a column of silica gel (15 g, column G) eluted with hexanes-methyl-tert-butyl ether, 3:7, gave arjunic acid (13 mg) [14] .
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